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(57) Abrege/Abstract:
The Invention relates to a reactor (R) for performing a three-phase reaction of a fluid phase (1) and a gaseous phase (2) on a

packed bed catalyst (F), the packed bed catalyst (F) being disposed horizontally in the reactor (R) and the fluid phase (1) and the
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gaseous phase (2) being fed through the reactor (R) from the bottom to the top, using a mixing and distributing device (MV) across
the packed bed catalyst (F), characterized in that the mixing and distributing device (MV) comprises a trough distributor (TV) for the

fluild phase (1) having trough-shaped channels (K) and drain tubes (A) In

the trough-shaped channels (K) for the fluid phase (1),

and a distributor floor (B) disposed below and at a distance from the trough distributor (TV) In which vertical spouts (T) are
disposed, having one or more openings (P1) for the inlet of the gaseous phase (2) and one or more openings (P2) disposed below
the openings (P1) for the inlet of the gaseous phase, for the inlet of the fluid phase (1) into the spouts (T), and the number and size

of the openings (P2) for the inlet of the fluid phase (1) being designed
adjusted to be below the openings (P1) for the inlet of the gaseous phase
phase (1) for a prescribed inlet flow of fluid.

such that the fluid level on the distribution floor (B) Is
(2) and above the openings (P2) for the inlet of the fluid
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(54) Title: REACTOR FOR PERFORMING A THREE-PHASE REACTION OF A FLUID AND A GASEOUS PHASE ON A

PACKED BED CATALYST

(54) Bezeichnung: REAKTOR ZUR DURCHFUHRUNG EINER DREIPHASENREAKTION EINER FLUSSIGEN UND EINER
GASFORMIGEN PHASE AN EINEM KATALYSATORFESTBETT
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(57) Abstract: The invention
relates to a reactor (R) for performing
a three-phase reaction of a {fluid
phase (1) and a gaseous phase (2) on
a packed bed catalyst (F), the packed
bed catalyst (FF) being disposed
horizontally in the reactor (R) and the
fluid phase (1) and the gaseous phase

‘/l_‘— N

------ ’% K (2) being fed through the reactor (R)
% from the bottom to the top, using a

% A mixing and distributing device (MV)

% G across the packed bed catalyst (IF),

_____ D1 characterized in that the mixing and

=P distributing device (MV) comprises

a trough distributor (TV) for the
fluid phase (1) having trough-shaped
channels (K) and drain tubes (A) in
the trough-shaped channels (K) for
the fluid phase (1), and a distributor
floor (B) disposed below and at a
distance from the trough distributor
(TV) in which vertical spouts (T)
are disposed, having one or more
openings (P1) for the inlet of the
gaseous phase (2) and one or more
openings (P2) disposed below the
openings (P1) for the inlet of the

gaseous phase, for the inlet of the fluid phase (1) into the spouts (T), and the number and size of the openings (P2) for the inlet of
the fluid phase (1) being designed such that the fluid level on the distribution floor (B) is adjusted to be below the openings (P1) for
the inlet of the gaseous phase (2) and above the openings (P2) for the inlet of the fluid phase (1) for a prescribed inlet flow of fluid.

[ Fortsetzung auf der niichsten Seite]
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(57) Zusammenfassung: Vorgeschlagen wird ein Reaktor (R) zur Durchfithrung einer Dreiphasenreaktion einer fliissigen Phase
(1) und einer gasformigen Phase (2) an einem Katalysatorfestbett (IF), wobei das Katalysatorfestbett (IF) horizontal im Reaktor (R)
angeordnet ist und die fliissige Phase (1) und die gasférmige Phase (2) im Gleichstrom von oben nach unten iiber eine Misch- und
Verteileinrichtung (MV) liber das Katalysatorfestbett (IF) durch den Reaktor (R) geleitet werden, der dadurch gekennzeichnet ist,
dass die Misch- und Verteileinrichtung (MV) einen Trogverteiler (TV) fiir die fliissige Phase (1) umfasst, mit trogférmigen Kanélen
(K), und Ablaufr6hrchen (A) in den trogférmigen Kandlen (K) fiir die fliissige Phase (1), sowie einen unterhalb des Trogverteilers
(TV), von diesem beabstandet angeordneten Verteilerboden (B), in den vertikal Tiillen (T) eingebracht sind, mit einer oder mehreren
Offnungen (P1) fiir den Eintritt der gasformigen Phase (2) und einer oder mehreren Offnungen (P2), die unterhalb der Offnungen
(P1) fiir den Eintritt der gastérmigen Phase angeordnet sind, fiir den Eintritt der fliissigen Phase (1) in die Tiillen (T), und wobei
die Anzahl und die GroBe der Offnungen (P2) fiir den Eintritt der fliissigen Phase (1) so ausgelegt sind, dass sich bei vorgegebenen
Fliissigkeitszulauf der Fliissigkeitsspiegel auf dem Verteilerboden (B) unterhalb der Offnungen (P1) fiir den Eintritt der gasférmigen
Phase (2) und oberhalb der Offnungen (P2) fiir den Eintritt der fliissigen Phase (1) einstellt.
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Reactor for carrying out a three-phase reaction of a liquid phase and a gaseous

phase over a fixed catalyst bed

Description

The invention relates to a reactor for carrying out a three-phase reaction of a liquid
phase and a gaseous phase over a fixed catalyst bed, having a mixing and distribution
device for the liquid phase and the gasecus phase, a process for carrying out three-

phase reactions and a use.

Three-phase reactions of a liquid phase and a gaseous phase over a fixed catalyst bed
are frequent in chemical processing engineering. A mode of operation using one or
more fixed catalyst beds which are arranged horizontally in an upright reactor and over
which the liquid phase and the gaseous phase are passed is often used for this
purpose. Conversion and selectivity of the reactions which occur depend not only on
the reaction kinetics but also, in particular, on the hydrodynamics of the reactor.
Uniform progress of the reaction is necessary for this purpose, and this in turn requires
that both the gas and the liquid, i.e. both reactants, are optimally very uniformly
distributed both in the radial direction and in the axial direction in the reactor. This is
problematical in, in particular, large industrial reactors having correspondingly large

dimensions.

In addition, three-phase reactors are usually operated adiabatically, i.e. the
temperature changes as the conversion progresses as a consequence of the heat of
reaction liberated or taken up and accordingly increases or decreases due to the lack
of external heat exchange. To achieve a homogeneous temperature distribution without

hotspots and thus without corresponding disadvantageous effects, in particular on the
operating life of the catalyst, on conversion and selectivity, uniform distribution of the

starting materials is likewise desirable.

For this reason, many devices for ensuring a very homogenous distribution of a liquid
phase and a gaseous phase on the surface of a fixed catalyst bed have been

developed in chemical processing engineering.

US 5,817,901 describes a process for the selective hydrogenation of hydrocarbon
fractions having from 2 to 20 carbon atoms per molecule over a fixed-bed catalyst, in
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which the hydrocarbon stream and hydrogen are fed to the fixed bed via a static mixer
of the SMV or SMX type from Sulzer, upstream of which a liquid distributor which is not
described in more detail is advantageously located. For example, selective
hydrogenations of butadiene to 1-butenes from a C4 fraction are described for a
reactor having a diameter of 10 cm, with selectivities of not more than about 58% being
achieved for the above conversion of butadiene into 1-butenes. However, satistactory
selectivities for the selective hydrogenation of acetylenic and dienic components from

nydrocarbon fractions cannot be achieved in industrial reactors purely by means of the
combination of a static mixer, for example of the SMV or SMX type from Sulzer and a

liquid distributor which is not specified in more detail.

EP-A 1 147 809 describes a distributor for a polyphase mixture comprising at least one
gaseous phase and at least one liquid phase onto a fixed bed, which is made up of a
distributor plate on which outlet tubes are arranged and at whose lower end a further
distributor element in the form of a sieve is provided.

WO-A 03/039733 describes a distributor for a mixture comprising at least one gaseous
phase and at least one liquid phase onto a fixed bed. The distributor comprises a
distributor plate P which is provided with a plurality of mixing and outlet tubes through
the plate which have an upper inlet opening for the gas, lateral inlet openings for the
liquid and, if appropriate, a small part of the gaseous phase and a lower opening for the
mixture of gaseous and liquid phases, with an additional distributor element in the form
of a sieve having a controlled porosity and upturned side walls being arranged below
the lower opening and above a fixed catalyst bed. The arrangement of the additional
distributor element ensures more uniform flow of gaseous and liquid phases onto the
fixed catalyst bed compared to an embodiment without this.

WO-A 95/35159 describes a further two-phase distributor for a gaseous phase and a
liquid phase onto a fixed bed, which has a distributor plate and outlet tubes, with two

groups of outlet tubes having openings at different heights being provided so that
unitorm distribution is ensured even at low throughputs.

DE-A 10 2004 021 128 describes a further reactor having an inlet for a gaseous

starting material and a liquid starting material in cocurrent to a fixed-bed catalyst, with a
distributor plate having openings with static mixers arranged in the openings being
provided upstream of this. The combination of distributor plate and static mixers
enables a significant decrease in the aspect ratio h/d, i.e. the ratio of height to diameter
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of the reactor, to values of < 5 to be achieved.

However, conversions and selectivities of three-phase reactions, in particular selective
hydrogenations, in large industrial reactors having diameters of greater than 0.5 m
have not been satisfactory when using the known distributor devices.

It was therefore an object of the invention to provide a mixing and distribution device for
a three-phase reactor which can be scaled up and ensures a largely uniform
distribution of the gaseous phase and the liquid phase and thus high conversions and

selectivities, even in the case of large industrial reactors.

The object is achieved by a reactor for carrying out a three-phase reaction of a liquid
phase and a gaseous phase over a fixed catalyst bed, with the fixed catalyst bed being
arranged horizontally in the reactor and the liquid phase and the gaseous phase being
passed through the reactor in cocurrent from the top downward via a mixing and
distribution device over the fixed catalyst bed, wherein the mixing and distribution
device comprises a trough distributor for the liquid phase having trough-shaped
channels and outlet tubes in the trough-shaped channels for the liquid phase and a
distributor plate which is arranged with a spacing below the trough distributor and in
which vertical nozzles having one or more openings for entry of the gaseous phase and
one or more openings, which are arranged below the openings for entry of the gaseous
phase, for entry of the liquid phase into the nozzles are installed. with the number and
size of the openings for entry of the liquid phase being designed so that, at a
predetermined liquid feed rate, the surface of the liquid on the distributor plate is
established below the openings for entry of the gaseous phase and above the
openings for entry of the liquid phase.

The invention accordingly provides a mixing and distribution device for a liquid phase
and a gaseous phase, which comprises two main parts, viz. a distributor for the liquid
phase which is, in a manner analogous to known trough distributors, equipped with
trough-shaped channels in which outlet tubes for the liquid phase are installed, but with
the particular feature that the outlet tubes extend to the vicinity of the distributor plate
which functions as main distributor and is arranged underneath so that the outlet tubes
always dip into the liquid which stands on the distributor plate. For this purpose, vertical
nozzies which have one or more openings for entry of the gaseous phase and one or
more openings arranged below these for entry of the liquid phase are installed in the

distributor plate, with the number and size of the openings for entry of the liquid phase
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being designed so that, at a predetermined liquid feed rate, the surface of the liquid on
the distributor plate is established below the openings for entry of the gaseous phase
and above the openings for entry of the liquid phase.

As a result of the outlet tubes of the predistributor always extending below the surface
of the liquid on the distributor plate functioning as main distributor, the liquid flowing out
via the outlet tubes from the trough distributor functioning as predistributor Is always
introduced uniformly into the liquid standing on the distributor plate without the liquid
exiting as a jet or even squirting.

One object is a reactor (R) for carrying out a three-phase reaction of a liquid phase (1)
and a gaseous phase (2) over a fixed catalyst bed (F), with the fixed
catalyst bed (F) being arranged horizontally in the reactor (R) and the
liquid phase (1) and the gaseous phase (2) being passed through the
reactor (R) in cocurrent from the top downward via a mixing and
distribution device (MD) over the fixed catalyst bed (F), the mixing and distribution
device (MD) comprising
- a trough distributor (TD) for the liquid phase (1) having trough-
shaped channels (C) and outlet tubes (O) in the trough-shaped
channels (C) for the liquid phase (1) and
- a distributor plate (P) which is arranged with a spacing below the
trough distributor (TD) and in which vertical nozzies (N) are
installed wherein the length of the outlet tubes (O) is designed in
such a way that the lower end thereof is positioned 20 to 200 mm
above the distributor plate (P) and the through distributor (TD),
having one or more openings (P1) for entry of the gaseous phase
(2) and one or more openings (P2), which are arranged below the
openings (P1) for entry of the gaseous phase, for entry of the liquid
phase (1) into the nozzies (N), with the number and size of the
openings (P2) for entry of the liquid phase (1) being designed so
that, at a predetermined liquid feed rate, the surface of the liquid on
the distributor plate (P) can be established below the openings (P1)
for entry of the gaseous phase (2) and above the openings (P2) for
entry of the liquid phase (1), and wherein upstream of the
distributor plate (P) a port is arranged over which the gaseous
phase (2)' is introduced into a gas space (G) between the trough
distributor (TD) and a distributor plate (P) which is arranged with a
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spacing below the trough distributor (TD) and in which vertical
nozzles (N) are installed, wherein from 50 to 200 nozzles (N) per

m? are arranged regularly on the distributor plate (P) and wherein
the nozzles (N) have a free diameter of from 5 to 76 mm and a
length of from 100 to 600 mm above the distributor plate (P) and a
length of from 20 to 250 mm below the distributor plate (P), the
openings (P2) for entry of the liquid phase (1) have a diameter of from 2
to 45 mm and are arranged at a height of from 10 to
100 mm above the distributor plate (P) and the openings (P1) for
entry of the gaseous phase (2) have a diameter of from 1 to
30 mm.

The number and size of the openings for entry of the liquid phase into the nozzles of
the distributor plate are preferably designed so that the surface of the liguid on the
distributor plate is established below the openings for entry of the gaseous phase and
above the openings for entry of the liquid phase even in the case of deviations of the
iquid feed rate from the predetermined liquid feed rate by up to 20% in an upward
direction and by up to 50% in a downward direction.

According to the invention, uniform distribution of liquid and gaseous phases is
ensured, in particular also for large reactors having a diameter in the range from 0.5 to
5 m or in the range from 1 to 4 m or in the range from 1.2 to 3 m.

Preference is given to from 50 to 200 or from 70 to 150 or from 90 to 130 nozzles per
m® being arranged regularly on the distributor plate which functions as main distributor.

Here, the nozzles can be arranged in triangular positions or in a square arrangement
on the distributor plate.

The nozzles preferably have a free diameter of from 5 to 75 mm, a length of from 100
to 600 mm above the distributor plate and a length of from 20 to 250 mm below the
distributor plate and have openings for entry of the liquid phase having a diameter of
from 2 to 45 mm which are arranged at a height of from 10 to 100 mm above the
distributor plate and also openings for entry of the gaseous phase having a diameter of
from 1 to 30 mm.

The nozzles more preferably have a free diameter of from 10 to 60 mm, a length of
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from 200 to 400 mm above the distributor plate and a length of from 50 to 200 mm
below the distributor plate and also openings for entry of the liquid phase having a
diameter of from 3 to 35 mm at a height of from 22 to 75 mm above the distributor plate
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and openings for entry of the gaseous phase having a diameter of from 5 to 20 mm.

The nozzles more preferably have a free diameter of from 35 to 50 mm, a length of
from 250 to 350 mm above the distributor plate and a length of from 100 to 150 mm
below the distributor plate and also openings for entry of the liquid phase having a
diameter of from 10 to 25 mm which are arranged at a height of from 40 to 60 mm
above the distributor plate and openings for entry of the gaseous phase having a
diameter of from 5 to 15 mm.

The openings for entry of the liquid phase can advantageously be adjusted in respect
of their height and orientation.

The pressure drop of the gaseous phase between entry into the reactor and entry into
the nozzles is preferably controlled via the number and openings for entry of the
gaseous phase so that the pressure drop of the gaseous phase between entry into the

reactor and entry into the nozzles at the lowest gas throughput in operation of the
reactor I1s from 50 to 500 pascal, preferably from 75 to 300 pascal, more preferably
from 100 to 200 pascal.

The reactor of the invention is preferably operated continuously.

To be able to empty the reactor in the case of necessary interruptions to operation, the
distributor plate is provided with no-load holes which are distributed uniformly over the
distributor plate and whose number and size is selected so that in normal operation of

the reactor only a maximum of 5% of the total liquid phase passed through the reactor
flows through the no-load holes.

The no-load holes preferably have a diameter in the range from 10 to 20 mm.

The trough distributor functioning as predistributor, which has trough-shaped channels
having outlet tubes in the trough-shaped channels for the liquid phase, is preferably
configured so that the trough-shaped channels comprise a main channel and two or
more side channels which are configured so that the liquid phase can flow unhindered
between the main channel and the side channels.

In particular, main channel and side channels are configured relative to one another in
such a way that the sum of the base areas of the main channel and the side channels
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Is from 30 to 70%, preferably from 40 to 60%, of the total cross-sectional area of the
reactor.

The trough-shaped channels of the trough distributor preferably have a height of from
200 to 600 mm, particularly preferably from 250 to 500 mm, more preferably from 300
to 400 mm.

Preference is given to from 30 to 120, more preferably from 40 to 100, particularly
preferably from 50 to 80, openings per m® having a diameter of from 5 to 40 mm,
particularly preferably from 10 to 35 mm, more preferably from 15 to 25 mm, being
provided at the bottom of the trough-shaped channels, with an outlet tube having a
diameter of from 15 to 76 mm, preferably from 25 to 60 mm, more preferably from 35 to
50 mm, being installed at each opening and the length of the outlet tubes being set so
that the lower end of these is from 20 to 200 mm, preferably from 25 to 150 mm, above
the distributor plate.

A further improved uniform distribution is achieved by a preferred embodiment of the
reactor in which the liquid phase introduced into the reactor via an inlet tube impinging
on an impingement plate in the form of a disk having orifices at the end of the iniet tube
at which the liquid phase enters the reactor and at a distance of a few centimeters from
the end of the inlet tube.

The invention also provides a process for carrying out a three-phase reaction between
a liquid phase and a gaseous phase over a fixed catalyst bed in a reactor, with the
fixed catalyst bed being arranged horizontaily in the reactor and the liquid phase and

the gaseous phase being passed through the reactor in cocurrent from the top
downward via a mixing and distribution device over the fixed catalyst bed, wherein

- the liquid phase is introduced from outside the reactor via an inlet tube
into a trough distributor having trough-shaped channels and outlet tubes
in the trough-shaped channels and

- the gaseous phase is introduced separately or together with the liquid
phase via a port which is arranged upstream of the distributor plate into
a gas space (G) between the trough distributor and a distributor plate
which is arranged with a spacing below the trough distributor and in
which vertical nozzles are installed, with

- the liguid phase being introduced via the outlet tubes of the trough
distributor below the surface of the liquid into the liquid standing on the
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distributor plate ana
- the gaseous phase being introduced via one or more openings from the

gas space (G) into the nozzles of the distributor plate and
the liquid phase being fed via one or more openings below the surface of the liquid into
the nozzles on the distributor plate and the mixture of liquid phase and gaseous phase
being fed via the nozzles to the fixed catalyst bed, and wherein the length of the outlet
tubes (O) is designed in such a way that the lower end thereof Is positioned 20 to 200
mm above the distributor plate (P) and

wherein from 50 to 200 nozzles (N) per m? are arranged regularly on the
distributor plate (P) and wherein the nozzles (N) have a free diameter of from 5 to 75
mm and a length of from 100 to 600 mm above the distributor plate (P) and a length of
from 20 to 250 mm below the distributor (P), the openings (P2) for entry of the liquid
phase (1) have a diameter of from 2 to 45 mm and are arranged at a height of from 10
to 100 mm above the distributor plate (P) and the openings (P1) for entry of the
gaseous phase (2) have a diameter of from 1 to 30 mm.

The invention also provides for the use of the above-described reactor or the above-
described process for carrying out a selective hydrogenation of hydrocarbon fractions.
Preference is given to a use in which the hydrocarbon fractions are C2, C3 or C4
hydrocarbon fractions or pyrolysis gases.

The hydrocarbon fractions are particularly preferably C4 fractions, with butadiene in the
C4 fractions being selectively hydrogenated to n-butenes. The use of the reactor of the
invention having a specific configuration of the predistributor and of the main distributor
makes it possible to hydrogenate 1,3-butadiene virtually quantitatively to n-butenes and
to avoid overhydrogenation to butane.

The invention is illustrated below with the aid of a figure and of examples.

The single figure, figure 1, schematically shows a longitudinal section through a reactor
R with introduction of the liquid phase 1 and the gaseous phase 2 from above in each
case via ports which are not shown.

In the reactor R, a mixing and distribution device MD which has a predistributor
configured as a trough distributor TD having outlet tubes O arranged on its bottom and
a distributor plate P which is located downstream of the trough distributor TD and
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functions as main distributor is arranged above a fixed catalyst bed F. Nozzles N which
project above and below the distributor plate P into the interior of the reactor R are

installed in the distributor plate P. In the region of the nozzles N above the distributor
plate P, openings P1 are provided above the surface of the liquid on the distributor

5 plate P for entry of the gaseous phase 2 and openings P2 are provided below the
surface of the liquid on the distributor plate P for entry of the liquid phase 1.

A mixing and distribution device MD as shown schematically in figure 1 was
constructed for a reactor R having a diameter of 1.7 m. The trough distributor
10 comprised a main channel and 6 side channels having a height of 400 mm, with the
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sum of the base areas of the main channel and of the side channels being 60% of the
total cross-sectional area of the reactor. 62 openings per m° having a diameter of
2/ mm were located at the bottom of the trough-shaped channels, with an outlet tube
having a diameter of 48 mm being installed at each opening and the length of the outlet
tubes being selected so that the lower end of these was 150 mm above the distributor
plate.

The distributor plate was provided with 100 nozzles per m? in triangular positions with
the nozzles having a free diameter of 41.9 mm, a length of 320 mm above the
distributor plate and of 150 mm below the distributor plate. Each of the nozzies was

provided with an opening having a diameter of 24 mm at a height of 50 mm above the
distributor plate for entry of the liquid phase and an opening having a diameter of
15 mm in the vicinity of the upper end of the nozzles for entry of the gaseous phase.

To assess the distribution behavio.r, water was fed to the mixing and distribution device.
The water throughput was varied in the range from 100 m“/h to 540 m>/h.

In all of the above load range, the mixing and distribution device squirted very little. No
liquid flowed through the openings for entry of gas in the upper region of the nozzles.

In addition, the amount of water flowing through each nozzle of the distributor plate was
measured. It was found that the amount flowing through in the load range from 300 to
540 m°/h varied very little between different nozzles, with a somewhat greater variation

in the load range below 300 m°/h, although the quality of liquid distribution was very
high with a standard deviation of less than 5% in this load range, too.

The above-described reactor with mixing and distribution device was used for the
selective hydrogenation of 1,3-butadiene in a C4 fraction to n-butenes.

Compared to carrying out the process in a reactor according to the prior art, the
conversion based on 1,3-butadiene increased by 1% and the selectivity for the
hydrogenation of 1,3-butadiene to n-butenes increased by 3%.
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A reactor (R) for carrying out a three-phase reaction of a liquid phase (1)

and a gaseous phase (2) over a fixed catalyst bed (F), with the fixed
catalyst bed (F) being arranged horizontally in the reactor (R) and the

liquid phase (1) and the gaseous phase (2) being passed through the

reactor (R) In cocurrent from the top downward via a mixing and
distribution device (MD) over the fixed catalyst bed (F), the mixing and

distribution device (MD) comprising

a trough distributor (TD) for the liquid phase (1) having trough-
shaped channels (C) and outlet tubes (O) in the trough-shaped
channels (C) for the liquid phase (1) and

a distributor plate (P) which is arranged with a spacing below the
trough distributor (TD) and in which vertical nozzles (N) are
installed wherein the length of the outlet tubes (O) Is designed in
such a way that the lower end thereof is positioned 20 to 200 mm
above the distributor plate (P) and the through distributor (TD),
having one or more openings (P1) for entry of the gaseous phase
(2) and one or more openings (P2), which are arranged below the
openings (P1) for entry of the gaseous phase, for entry of the liquid
phase (1) into the nozzles (N), with the number and size of the
openings (P2) for entry of the liquid phase (1) being designed so
that, at a predetermined liquid feed rate, the surface of the liquid on
the distributor plate (P) can be established below the openings (P1)
for entry of the gaseous phase (2) and above the openings (P2) for
entry of the lquid phase (1), and wherein upstream of the
distributor plate (P) a port is arranged over which the gaseous
phase (2) is introduced into a gas space (G) between the trough
distributor (TD) and a distributor plate (P) which is arranged with a
spacing below the trough distributor (TD) and in which vertical
nozzles (N) are installed, wherein from 50 to 200 nozzies (N) per
m* are arranged regularly on the distributor plate (P) and wherein
the nozzles (N) have a free diameter of from 5 to 75 mm and a
length of from 100 to 600 mm above the distributor plate (P) and a
length of from 20 to 250 mm below the distributor plate (P), the
openings (P2) for entry of the liquid phase (1) have a diameter of
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from 2 to 45 mm and are arranged at a height of from 10 to
100 mm above the distributor plate (P) and the openings (P1) for

entry of the gaseous phase (2) have a diameter of from 1 to
30 mm.

The reactor (R) according to claim 1, wherein the number and size of the
openings (P2) in the nozzles (N) of the distributor plate (P) for entry of the
liquid phase (1) are designed so that the surface of the liquid on the
distributor plate (P) is established below the openings (P1) for entry of the
gaseous phase (2) and above the openings (P2) for entry of the liquid
phase (1) even in the case of deviations of the liquid feed rate from the
predetermined liquid feed rate by up to 20% in an upward direction and by
up to 50% in a downward direction.

The reactor (R) according to claim 1 or 2 which has a diameter in the
range from 0.5 to 5 m.

The reactor (R) according to claim 3, which has a diameter in the range from 1
to 4 m.

The reactor (R) according to claim 3, which has a diameter in the range from
1.2t0 3 m.

The reactor (R) according to any one of claims 1 to 5, wherein from 70 to 150
nozzles (N) per m* are arranged regularly on the distributor plate (P).

The reactor (R) according to claim 6, wherein from 90 to 130 nozzles (N) per m?
are arranged regularly on the distributor plate (P).

The reactor (R) according to claim 6 or 7, wherein the nozzles (N) are arranged
in triangular positions or in a square arrangement on the distributor plate

(P).

The reactor (R) according to any of claim 1, wherein the nozzles (N) have a free
diameter of from 10 to 60 mm and a length of from 200 to 400 mm above
the distributor plate (P) and a length of from 50 to 200 mm below the
distributor plate (P) and the openings (P2) for entry of the liquid phase (1)
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have a diameter of from 3 to 35 mm and are arranged at a height of from
22 to 75 mm above the distributor plate (P) and the openings (P1) for entry
of the gaseous phase (2) have a diameter of from 5 to 20 mm.

The reactor (R) according to claim 9, wherein the nozzles (N) have a free
diameter of from 35 to 50 mm and a length of from 250 to 350 mm above
the distributor plate (P) and a length of from 100 to 150 mm below the
distributor plate (P) and the openings (P2) for entry of the liquid phase (1)
have a diameter of from 10 to 25 mm and are arranged at a height of from
40 to 60 mm above the distributor plate (P) and the openings (P1) for entry
of the gaseous phase (2) have a diameter of from 7 to 15 mm.

The reactor (R) according to any one of claims 1 to 10, wherein the openings
(P2) for entry of the liquid phase (1) can be adjusted in respect of their height
and orientation.

The reactor (R) according to any one of claims 1 to 11, wherein the distributor
plate (P) is provided with no-load holes which are distributed uniformly
over the distributor plate (P) and whose number and size is selected so
that in normal operation only a maximum of 5% of the total liquid phase (1)
passed through the reactor (R) flows through the no-load holes.

The reactor (R) according to claim 12, wherein the no-load holes have a
diameter of from 10 to 20 mm.

The reactor (R) according to any one of claims 1 to 13, wherein the trough
distributor (TD) is arranged from 10 to 300 mm above the upper end of the

nozzles (N).

The reactor (R) according to claim 14, wherein the trough distributor (TD) Is
arranged from 20 to 200 mm above the upper end of the nozzles (N).

The reactor (R) according to any one of claims 1 to 15, wherein the trough-
shaped channels (C) of the trough distributor (TD) comprise a main
channel and two or more side channels, which are configured so
that the liquid phase (1) can flow unhindered between the main channel
and the side channels.
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The reactor (R) according to any one of claims 1 to 16, wherein the sum of the
base areas of the main channel and the side channels is from
30 to 70% of the total cross-sectional area of the reactor (R).

The reactor (R) according to claim 17, wherein the sum of the base areas of the
main channel and the side channels is from 40 to 60% of the total cross-
sectional area of the reactor (R).

The reactor (R) according to any one of claims 1 to 18 in which the height of
the trough-shaped channels (C) is from 200 to 600 mm.

The reactor (R) according to claim 19, in which the height of the trough-shaped
channels (C) is from 250 to 500 mm.

The reactor (R) according to claim 19, in which the height of the trough-shaped
channels (C) is from 300 to 400 mm.

The reactor (R) according to any one of claims 1 to 21, wherein from 30 to 120,
openings per m* having a diameter of from 5 to 40 mm are provided at the
bottom of the trough-shaped channels (C) and an outlet tube (O) having a
diameter of from 15 to 75 mm is installed at each opening, with the length of the
outlet tubes (O) being set so that the lower end of these is from 20 to 200 mm
above the distributor plate (P).

The reactor (R) according to claim 22, wherein from 40 to 100 openings per m?
are provided.

The reactor (R) according to claim 23, wherein from 50 to 80 openings per m?

are provided.

The reactor (R) according to any one of claims 22 to 24, wherein the openings
have a diameter of from 10 to 35 mm.

The reactor (R) according to claim 25, wherein the openings have a diameter of
from 15 t0 25 mm.

The reactor (R) according to any one of claims 22 to 26, wherein the outlet
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tubes (O) have a diameter of from 25 to 60 mm.

The reactor (R) according to claim 27, wherein the outlet tubes (O) have a
diameter of from 35 to 50 mm.

The reactor (R) according to any one of claims 22 to 28, wherein the length of
the outlet tubes (O) is set so that their lower end is from 25 to 150 mm above
the distributor plate (P).

The reactor (R) according to any of clams1 to 29, wherein the liquid
phase (1) is introduced into the reactor (R) via an inlet tube (l) and an
impingement plate in the form of a disk with openings is arranged at the
end of the inlet tube (I) at which the liquid phase (1) enters the reactor (R)
at a distance of a few cm from the end of the inlet tube ().

A process for carrying out a three-phase reaction between a liquid phase
(1) and a gaseous phase (2) over a fixed catalyst bed (F) in a reactor (R),
with the fixed catalyst bed (F) being arranged horizontally in the reactor (R)
and the liquid phase (1) and the gaseous phase (2) being passed through
the reactor (R) in cocurrent from the top downward via a mixing and
distribution device (MD) over the fixed catalyst bed (F), wherein
- the liquid phase (1) is introduced from outside the reactor (R) via an
inlet tube (l) into a trough distributor (TD) having trough-shaped
channels (C) and outlet tubes (O) in the trough-shaped channels
(C) and
- the gaseous phase (2) is introduced separately or together with the
iquid phase (1) via a port which is arranged upstream of the
distributor plate (P) into a gas space (G) between the trough
distributor (TD) and a distributor plate (P) which is arranged with a
spacing below the trough distributor (TD) and Iin which vertical
nozzles (N) are installed, with
- the liquid phase (1) being introduced via the outlet tubes (O) of the
trough distributor (TD) below the surface of the liquid into the liquid
standing on the distributor plate (P) and
- the gaseous phase (2) being introduced via one or more openings
(P1) from the gas space (G) into the nozzles (N) of the distributor

plate (P) and
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- the liguid phase (1) being fed via one or more openings (P2) below
the surface of the liquid into the nozzles (N) on the distributor plate
(P) and the mixture of liquid phase (1) and gaseous phase (2)
being fed via the nozzles (N) to the fixed catalyst bed (F), and
wherein the length of the outlet tubes (O) is designed in such a way
that the lower end thereof is positioned 20 to 200 mm above the
distributor plate (P) and
wherein from 50 to 200 nozzles (N) per m* are arranged regularly
on the distributor plate (P) and wherein the nozzles (N) have a free
diameter of from 5 to 75 mm and a length of from 100 to 600 mm
above the distributor plate (P) and a length of from 20 to 250 mm
below the distributor (P), the openings (P2) for entry of the
liqguid phase (1) have a diameter of from 2 to 45 mm and are
arranged at a height of from 10 to 100 mm above the distributor plate
(P) and the openings (P1) for entry of the gaseous phase (2) have a
diameter of from 1 to 30 mm.

The use of the reactor (R) according to any of claims 1 to 30 or the process
according to claim 31 for carrying out a selective hydrogenation of hydrocarbon
fractions.

The use according to claim 32, wherein the hydrocarbon fractions are C2,
C3 or C4 hydrocarbon fractions or pyrolysis gases.

The use according to claim 33, wherein the hydrocarbon fractions are C4
fractions and butadiene in the C4 fractions Is selectively hydrogenated to

n-butenes.
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